Spores of the fern Onocka sensibilis L. normaly germinate to produce two cels of unequal size. The larger ceUl divides to produce the familiar heart-shaped prothalus. The 
The process of spore germination in the sensitive fern, Onoclea sensibilis L., involves an initial unequal division of the spore leading to the formation of a small rhizoid cell and a larger protonemal cell. Ethylene, at concentrations as low as 0.1 ,ul/l, inhibits this initial cell division (3) . White light partially overcomes the inhibitory effect ofethylene and this white light effect saturates at about 450 ,uw cm-2 (5) . The ability of light to overcome ethylene-induced inhibition of spore germination in Onoclea was concluded to be a photosynthetically dependent process, since broad band R,2 B, and FR are effective, but green light is not.
Photosynthesis, measured by IR gas analysis, saturates at about 450 ,uw cm-2 in white light and R, B, or FR supports more photosynthesis than green light. The photosynthetic inhibitor DCMU blocks photosynthesis and the effects of light on ethyleneinhibited spores, but does not affect the germination ofuninhibited spores.
In earlier broad band colored light studies (5) the transmission of the filter systems overlapped and thus the data generated were difficult to interpret. The present study used specifically designed, ' Light and Filter Systems. Cellulose acetate filters were used to obtain wide band R and B. The red filter transmitted light from 590 to 950 nm with a peak at 660 nm and the blue filter transmitted light from 380 to 530 nm with a peak at 452 nm. IR radiation was reduced in the B system by adding a 5% (w/v) CuS04. 5H20 aqueous filter, and a 41% (w/v) Fe (NH4)2 (SO4)2.6H20 aqueous filter was used with the red filter. The irradiances were obtained from a 500-w tungsten lamp in a monochromator system similar to that described by Withrow (21) . These filters were nonoverlapping by 60 nm and therefore differed from the blue and red filters used in earlier studies (5) .
Irradiances for the action spectrum were obtained using an interference filter monochromator system (21) modified to use a 1,500-w incandescent lamp. The lamp was enclosed in a watercooled brass housing with an opening located at the level of the lamp filament. A concave mirror behind the filament condenses the light and reflects it through the filament to the jacket opening, essentially doubling the lamp output. The light then passes through an aqueous filter which absorbs the IR. The aqueous filter and incandescent systems were separated from the interference filter holder and the specimen box and were air-cooled. Three different types of interference filters were used: BairdAtomic (BA), Corion (C), and Bausch & Lomb (BL); all had maximum half-bandwidths of less than 15 nm. The action spectrum was determined from 350 to 764 nm (Table I) .
The screw-capped tubes were placed in 250-ml beakers at approximately a 600 angle and positioned in the specimen box at the middle of the irradiation beam. Irradiance values were meas- An action spectrum (Fig. 3) was constructed by plotting the reciprocal of the quantum flux for a 15% germination standard response against wavelength (nm). The quanta cm-2 s-' values for the 15% standard responses were derived from log quanta cm-2 s-' quantum flux response curves constructed from subsaturating irradiance data (Fig. 2) . Each line was fitted to the data points using the method of least squares linear regression.
The action spectrum (Fig. 3) shows one major peak at 711 nm. The effects of 711 nm irradiation could not be reversed by red (660 nm) irradiation. R, FR, photoreversibility was not observed. DISCUSSION A number of plant processes are known to be under the control of the photoreversible phytochrome system. Such processes include flowering, stem elongation, seed germination, and pigment synthesis. The key elements of the phytochrome system include low radiant energy requirements, short exposure, and R, FR photoreversibility (11) .
The high irradiance response has been postulated to act via the phytochrome system (10, 17 (18) , however, concluded that phytochrome is involved in the flowering of the long-day plant Hyoscyamus niger L. They also found an additional photocontrol system acting in H. niger flower induction which peaked between 710 and 718 nm. Activity was also noted in the 400 to 480 nm region. They concluded that this second system was acting through the HIR phytochrome system.
Schneider and Stimson (19) , working with anthocyanin formation in turnip seedlings, demonstrated that the synthesis of small amounts of anthocyanin can be controlled by the photoreversible phytochrome system. For appreciable synthesis prolonged irradiation is necessary. They concluded that this apparent energy dependence involves photosynthesis. They postulated that photosynthesis and the phytochrome systems may interact. They stated that cyclic photophosphorylation of PSI could supply ATP for HIR responses or could supply reducing equivalents to convert Pfr to Pr. Ku and Mancinelli (13) reported similar conclusions for photocontrol of anthocyanin production in cabbage, mustard, and turnips. They reported that a high Pfr to Ptot ratio was needed for anthocyanin synthesis induced by short irradiations and that photosynthesis might be involved in the effects of long periods of irradiation. Mancinelli et aL (14) , using photosynthetic inhibitors, concluded that photosynthesis was not involved in anthocyanin synthesis in cabbage and mustard seedlings. They also concluded that little, if any, interaction occurs between photosynthesis and the HIR system. In contrast, Borthwick et al. (1) concluded that FR irradiation acted through the HIR phytochrome system in controlling stem elongation in beets and spinach. They reported an action peak at 719 nm. Holland and Vince (12) demonstrated that FR irradiation promoted floral initiation in Lolium temulentum L. They concluded that this was a phytochrome controlled process. They did not exclude other actions of FR irradiation.
Miller and Miller (15) reported physiological evidence for the presence of phytochrome in fern gametophytes. They have shown that the elongation of the rhizoid is under typical R, FR control and is photoreversible. Greany and Miller (8) have also given evidence for the involvement of a yellow photoreceptor (P580) and a FR photoreceptor in controlling cell elongation in fern protonemata. They concluded that these pigments could interact with phytochrome in controlling developmental changes in fern gametophytes, but were independent of one another. Towill and Ikuma (20) constructed an action spectrum for the photocontrol of the germination of Onoclea spores. They reported that R (620-680 nm) was most effective in inducing germination. Although they could not show photoreversibility they concluded that the action spectrum was suggestive of phytochrome involvement. They left the identification of the photoreceptor unresolved.
The action spectrum determined in this paper (Fig. 3) 
